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1. Title of Invention 
A color liquid crystal display device 

2. Region of Patent Requested 
Claim 1 

A color liquid crystal display device which characteristically 
possesses a dichromatic pigment and nematic liquid crystal or a liquid 
crystal comprising a dichromatic nematic liquid, being sealed in 
between two sheets of the substrates which have transparent electrodes 
and are aligned to form a twisted liquid crystal layer, along with a 
reflective sheet, wherein the said transparent electrodes are formed on 
at least one of the transparent substrates in a comb-tooth like shape 
and the information is displayed by the changes in the molecular 
alignment through the electric field applied between the said comb- 
tooth like transparent electrodes. 

Claim 2 

The color liquid crystal display device described in Claim 1 
wherein the twisted liquid crystal layer characteristically comprises a 
dichromatic pigment and an n-type nematic liquid crystal or an n-type 
dichromatic nematic liquid crystal. 

Claim 3 

A color liquid crystal display device which characteristically 
possesses a dichromatic pigment and nematic liquid crystal or a liquid 
crystal comprising a dichromatic nematic liquid, being sealed in 
between two sheets of the substrates which have transparent electrodes 
and are aligned to form a twisted liquid crystal layer, along with a 
reflective sheet, wherein the said transparent electrodes are formed on 
at least one of the transparent substrates in a comb-tooth like shape, 
a polarizer is located between the said substrate and the reflective 
sheet, and the information is displayed by the changes in the molecular 
alignment through the electric field applied between the said comb- 
tooth like transparent electrodes. 

Claim 4 

The color liquid crystal display device described in Claim 3 
wherein the twisted liquid crystal layer characteristically comprises a 
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dichromatic pigment and an n-type nematic 1 iqu i d. crys t a 1 or an n-type 
dichromatic nematic liquid crystal. 

3. Detailed Explanation of Invention 

The present invention relates to a color liquid crystal display 
device which applies the electro-optical effect of the liquid crystal 
in order to achieve a monochromatic color display. 

For the device which holds a liquid crystal between two sheets of 
the substrates, changes the molecular alignment by applying the 
electric field to the liquid crystal, and displays the information by 
altering the optical properties, two sheets of a top and a bottom 
transparent electrodes have been required, as shown in Figure 1. 
Figure 1 shows a top substrate 1, a transparent electrode 2, a liquid 
crystal layer 3, and a bottom substrate 4. Since two sheets of the 
transparent electrodes are necessary, they must be formed on both the 
top and bottom substrates. In addition, the process is required to 
precisely match the locations of the facing top and bottom transparent 
electrodes. Further when the cell is connected with the external 
circuit, the electrical connection was not easy and the reliability of 
the connection was low due to the formation of electrodes on each of 
the both substrates. These problems can be solved if the liquid 
crystal may be driven by the electrodes formed on one of the two 
substrates. The known method to drive the liquid crystal by the 
electrodes formed on one substrate is to utilize the comb-tooth like 
electrodes which are fine parallel electrodes facing to each other on 
the same surface plane, as shown in Figure 2. Figure 2 (b) is a cross- 
sectional diagram, indicating the transparent electrodes 5 and the 
substrate 6. An example of employing the comb-tooth like electrodes to 
the LCD device is the LCD device which seals in the nematic liquid 
crystal having a homogeneous alignment or a twisted structure between 
the glass sheet without transparent electrodes and the glass sheet 
having the comb-tooth like transparent electrode. The operation 
principle of this liquid crystal cell is as follows: a voltage is 
applied between the comb-tooth like transparent electrodes facing to 
each other, an electric field is formed between the comb-tooth like 
transparent electrodes facing to each other, and the optical properties 
are altered by the rotation of the liquid crystal molecules. In the 
said literature, the display of the information is possibly 
demonstrated through the changes in the optical t ransmi t tance by 
combining with polarizers. However, the display method employing the 
liquid crystal cell of this constitution can present only the black- 
and-white display, not a color display. Currently, coloring of the 
liquid crystal display is in a strong demand, however, the said liquid 
crystal cell can not respond to such a demand. Coloring of a LCD 
device having the comb-tooth like transparent electrode necessitates 
the evaluation of electro-optical effects for the utilized liquid 
crystal . 

A known color display method with a liquid crystal is the guest- 
host effect method wherein an electric field is applied to the nematic 
liquid crystal having a trace amount of a dichromatic pigment and the 
information is displayed by altering the light absorption by the 
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pigment. The combination of the comb-tooth like electrodes with the 
guest-host effect may possibly lead to the color display. In the 
conventional guest-host effect method, the electric field was applied 
to the liquid crystal by the method shown in Figure 3. Figure 3 
indicates a liquid crystal molecule having a positive dielectric 
anisotropy 9, a dichromatic pigment 10, a lead wire 11, and a power 
supply for the liquid crystal driving 12. The dichromatic pigment 
absorbs light which is polarized parallel to its molecular long axis. 
Therefore, the section which has no applied electric field in Figure 3 
is colored by the absorption of light by pigment. The light polarized 
perpendicular to the molecular long axis of the dichromatic pigment is 
not absorbed by the pigment, therefore, the section with the applied 
electric field in Figure 3 presents the color fading due to no color 
absorption. As a display, it is desirable to display by a color than 
by a color fading, however, no adequate methods have been known. As 
described above, the conventional guest-host method disadvantageous ly 
displayed the display sections by the color fading conditions. 

The present invention improves the LCD method which drives the 
liquid crystal by the transparent electrodes formed on one substrate in 
order to make the display in color, and offers the LCD device which 
improves the guest-host effect and presents the display sections in 
co lor . 

The present invention is characterized by that a dichromatic 
pigment and nematic liquid crystal or a dichromatic nematic liquid 
crystal, which form a twisted liquid crystal layer, are held between 
two sheets of substrates, at least one of which have the comb-tooth 
like transparent electrodes, along with polarizers. 

In the following section, the principle and the example are 
interpreted by referencing figures. Figures 4 (a) and 4 (b) indicate 
one example of the present invention and are the cross-sectional 
diagrams at the perpendicular direction from the length direction of 
the comb-tooth like transparent electrodes. Figures 4 (a) and (b) 
indicate the top substrate 1, the bottom substrate 4, the comb-tooth 
like transparent electrodes 5, the liquid crystal molecule 9, the 
dichromatic pigment molecule 10, a polarizer 13, and a reflective sheet 
14. The polarization direction of the polarizer is parallel to the 
paper plane. The substrate surface is treated for alignment so that 
the p-type liquid crystal molecules and the dichromatic pigment 
molecules align parallel to the paper plane at the top substrate 
surface and perpendicularly to the paper plane at the bottom substrate 
surface while aligning their molecular long axis parallel to the 
substrate surface. Large arrows 41 and 42 within the figure indicate 
the direction of light advancement. In the figures, circles 16 to 39 
present the polarized light at these locations and* arrows within these 
circles indicate the light polarization direction. The side way arrows 
mean that the light is polarized parallel to the paper plane, while the 
up-and-down arrows indicate that the light is polarized perpendicular 
to the paper plane. Figure 4 (a) is the case when no voltage is 
applied to the liquid crystal. The direction shown by 17 corresponds 
to the polarized light at the wavelength of the pigment absorption. 
Among the polarized light of the incident light having a wavelength of 
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the pigment absorption, that which matches with the molecular long axis 
direction of the dichromatic pigment molecule is absorbed by the 
pigment molecule while passing through the liquid crystal layer. 
Therefore after passing through the liquid crystal layer, only the 
polarized light parallel to the paper plane remains, as shown by the 
arrow in the circle 17. On the other hand, any polarized light of the 
light outside of the pigment absorption wavelength may not be absorbed 
by the pigment. As a result, it is polarized to all the directions 
even after passing through the liquid crystal layer. The polarization 
direction of the polarizer 13 is parallel to the paper plane, 
therefore, it allows the passing of the light at the pigment absorption 
wavelength, which was polarized to the paper plane direction. Further 
it also passes the light parallel to the paper plane among the light 
beams at the wavelengths outside of the pigment absorption wavelength, 
which are polarized to all the directions. The light which passed the 
polarizer is now polarized parallel to the paper plane at any 
wavelength, as shown in the arrow within the circle 18. The light is 
reflected by the reflective sheet 14 without changing the polarization 
direction, and passes through the polarizer again, while maintaining 
the polarization direction parallel to the paper plane as shown by the 
circle 20. The polarized light parallel to the paper plane passes 
through the liquid crystal layer while being perpendicular to the long 
axis direction of the pigment molecule. Therefore, it advances within 
the liquid crystal layer without being absorbed by the pigment molecule 
and goes back to the air after passing the top substrate. When the 
electric field is zero, the light absorption effect by the pigment is 
small as described above, therefore, the liquid crystal cell does not 
show a strong coloring. 

Figure 4 (b) presents the case when the voltage is applied between 
the comb-tooth like transparent electrodes. The dotted lines 15 are 
the lines of electric force. Figure 2 (a) presents the method to apply 
the voltage between the comb-tooth like transparent electrodes. Figure 
2 (a) indicates a lead wire 7 and the driving power supply 8. The 
existence of the voltage difference between the facing comb-tooth like 
electrodes generates the lines of electric force indicated by the 
dotted lines 15 in Figure 4 (b). Since the employed liquid crystal is 
a nematic liquid crystal of which dielectric ratio is larger in the 
long axis direction than the short axis direction, the long axis of the 
liquid crystal molecules realigns parallel to the paper plane along the 
direction of the lines of electric force, as shown in Figure 4 (b). 
The dichromatic pigment molecules mixed into the liquid crystal follow 
the surrounding liquid crystal molecules and realign their long axis 
direction parallel to the paper plane, as shown in Figure 4 (b). This 
realignment is solely achieved by the rotation of the liquid crystal 
molecules within the plane parallel to the substrate, therefore, the 
response time towards the electric field is short. Optical properties 
of the sections without electrodes are the same as the case shown in 
Figure 4 (a). Large arrows in Figure 4 (b) present the light 
advancement direction which passes through the section with the comb- 
tooth like electrodes. Arrows within the circles 22 through 27 
indicate the light polarization direction for the light that passes 
through the section with the comb-tooth like electrodes. The circle 22 
indicates that the incident light is polarized to all the directions. 
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Among the incident light having a wavelength of the pigment absorption, 
the polarized light component parallel to the paper plane matches its 
polarization direction with the molecular long axis direction of the 
dichromatic pigment molecule, thus being absorbed by the pigment. 
Therefore after passing through the liquid crystal layer, only the 
polarized light perpendicular to the paper plane remains among the 
light at the absorption wavelength of the pigment, as shown by the 
arrow in the circle 23. This polarization direction is perpendicular 
to the polarization direction of the polarizer which is parallel to the 
paper plane. Therefore, the light at the absorption wavelength of the 
pigment does not reach to the reflective sheet. Then the light at the 
absorption wavelength of the pigment is missing within the light that 
goes back from the liquid crystal cell, leading to a strong coloring at 
the section of the comb-tooth like transparent electrodes. In other 
words, application of the voltage between the comb-tooth like 
transparent electrodes can strongly color the liquid crystal cell. 

Figures 5 (a) and (b) indicate another example of the present 
invention by utilizing an n-type nematic liquid crystal, and they are 
the cross-sectional diagrams at the perpendicular direction from the 
length direction of the comb-tooth like transparent electrodes. The 
polarizing direction of the polarizer is parallel to the paper plane. 

By applying the alignment treatment to the substrate surface, the 
n-type liquid crystal molecules and the dichromatic pigment are aligned 
perpendicular to the paper plane at the top substrate surface and 
parallel to the paper plane at the bottom substrate surface while 
aligning their molecular long axis parallel to the substrate surface. 
Figure 5 (a) is the case of no applied electric field. The light at 
the wavelength of the pigment absorption which has passed through the 
liquid crystal layer once is absorbed by the pigment by the same 
mechanism presented in Figure 4, and possesses only the light polarized 
to the perpendicular direction of the paper plane, as shown in 29. 
Then this light passes through the polarizer of which polarizing 
direction is perpendicular to the paper plane, and passes through the 
polarizer again after being reflected by a reflective sheet. The light 
is polarized perpendicular to the long axis direction of the pigment 
molecule, therefore, it advances within the liquid crystal layer 
without being absorbed by the pigment molecule and goes back to the air 
after passing the top substrate. When the electric field is zero, the 
light absorption effect by the pigment is small as described above, 
therefore, the liquid crystal cell does not show a strong coloring. 
Figure 5 (b) presents the case when the voltage is applied between the 
comb-tooth like transparent electrodes. The n-type liquid crystal, of 
which dielectric ratio is larger in the perpendicular direction to the 
long axis direction than the long axis direction, rotates within the 
plane parallel to the substrate and realigns the long axis of the 
liquid crystal molecules perpendicular to the paper plane, as shown in 
Figure 5 (b). The dichromatic pigment molecules follow the surrounding 
liquid crystal molecules and realign their long axis direction 
perpendicular to the paper plane. Arrows within the circles 34 through 
39 indicate the light polarization direction for the light that passes 
through the section with the comb-tooth like electrodes. The circle 35 
indicates that the light at the absorption wavelength of the pigment is 
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polarized in parallel to the paper plane. This polarization direction 
is perpendicular to the polarization direction of the polarizer. 
Therefore, the light at the absorption wavelength of the pigment does 
not reach to the reflective sheet. Then the light at the absorption 
wavelength of the pigment is missing within the light going back from 
the liquid crystal cell, leading to a strong coloring at the section of 
the comb-tooth like transparent electrodes. 

The present invention simplifies the structure of the liquid 
crystal cell, by combining the comb-tooth like transparent electrodes 
and the guest-host effect, and allows to form the transparent 
electrodes only on one substrate. Therefore, the raw material cost of 
the liquid crystal cell is reduced, and the assembly process of the 
liquid crystal cell becomes easy by eliminating the necessity for the 
positioning of the facing electrodes on the top and bottom substrates. 
In addition, a lead wire can be introduced from one substrate, which 
makes it easy to connect the liquid crystal cell with the external 
circuit and increases the connection reliability. Further the display 
sections can be presented in color and, as a result, the high quality 
display device easy for human eyes became possible. Further, the 
application of the electric field realigns the liquid crystal molecules 
by their rotation within the same plane, which greatly improves the 
response time. 

4. Simple Explanation of Figures 

Figures 1 , 2 and 3 present the conventional liquid crystal cell. 
Figure 1 is a cross-sectional diagram, Figure 2 (a) is a front view of 
the comb-tooth like transparent electrodes, Figure 2 (b) is a cross- 
sectional diagram of Figure 2 (a) from the perpendicular direction, and 
Figure 3 interprets the guest-host effect method. Figures 4 and 5 
present the examples of the LCD device of the present invention. 
Figure 4 (a) presents the condition when no voltage is applied to the 
p-type liquid crystal, and Figure 4 (b) is the case when a voltage is 
applied to the comb-tooth like electrodes. Figure 5 (a) presents the 
condition when no voltage is applied to the n-type liquid crystal, and 
Figure 5 (b) is the case when a voltage is applied to the comb-tooth 
like electrodes. 

5 - comb-tooth like transparent electrodes 

9 - nematic liquid crystal molecule 

10 - dichromatic pigment molecule 
13 - polarizers 

16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 
32, 33, 34, 35, 36, 37, 38, 39 -light polarization vectors 
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Figure 5 
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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

^ BLURED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLORED OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REPERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 


IMAGES ARE BEST AVAILABLE COPY. 
As rescanning documents will not correct images 
problems checked, please do not report the 
problems to the IFW Image Problem Mailbox 


